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Abstract: The coronavirus disease 2019 (COVID-19) pandemic has changed the course of human
history and killed millions of people worldwide. Its long-term consequences remain uncertain. This
study aimed to describe the short- and long-term symptoms of COVID-19 among individuals in
Goiás, central Brazil, who experienced acute mild or non-symptomatic SARS-CoV-2 infection during
the first wave of the pandemic. This prospective cohort study included 110 healthcare workers,
18 safety workers, and 19 administrative support workers, who were followed up for 12 months after
the onset of COVID-19. Most participants were healthy adult female healthcare professionals. At the
onset of infection, the major symptoms were headache, myalgia, nasal congestion, cough, coryza,
anosmia, ageusia, sore throat, fatigue, diarrhea, and dyspnea. Furthermore, 20.3% of the participants
had three or more COVID-19 symptoms that persisted for at least 12 months. These included coryza,
congestion, hair loss, sore throat, headache, myalgia, cough, memory loss, anosmia, and fatigue. This
study revealed a high prevalence of persistent symptoms of COVID-19 in healthy individuals from
central Brazil, which may present an additional burden on healthcare services. Further studies are
required to investigate the sequelae of COVID-19 over periods greater than 12 months.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes coronavirus
disease 2019 (COVID-19). Since its discovery in December 2019, this RNA virus has affected
more than 620 million people and caused more than 6.5 million deaths worldwide [1]. The
first cases in Brazil were detected in February 2020 and quickly spread to all regions of
the country. Currently, Brazil is the country with the fifth-highest number of COVID-19
cases [1]. This virus has evolved over time, and new variants with increased transmissibility
and ability to evade the immune response have emerged. Consequently, many researchers
have focused on the epidemiology of the SARS-CoV-2 infection and have presented insights
into the clinical features of its acute phase [2–4].

SARS-CoV-2 is transmitted via air droplets and mainly affects the respiratory system.
Although most infected individuals remain asymptomatic or exhibit mild short-term
symptoms [5,6], 2% may develop a severe multisystemic disease that affects the nervous
and hematopoietic systems as well as the heart, kidney, liver, and muscles [6,7].

Knowledge about COVID-19 has expanded continuously since the start of the pan-
demic [8,9]. COVID-19 may persist into the post-acute phase [6]. However, accumulating
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information on the duration of the long-term effects of COVID-19 is dependent on the
duration of the observation period.

Most studies on COVID-19 have reported its long-term sequelae among individuals
with severe disease [10]. However, data on the long-term sequelae in healthy adults who
have experienced acute mild or non-symptomatic COVID-19 are still scarce. Understanding
these symptoms is crucial as they may have an impact on quality of life and productivity.

According to the Centers for Disease Control and Prevention (CDC), long-term
COVID-19 represents “a wide range of new, returning symptoms or ongoing health prob-
lems that people experience after being infected with the virus that causes COVID-19”.
These symptoms can be continuous or intermittent. They occur among people who ex-
perienced all clinical forms of COVID-19, although more frequently among those who
experienced severe disease [11].

The long COVID consequences can be multisystemic and include cardiovascular,
neurological, pulmonary, dermatological, and psychological alterations. Although the
exact mechanism responsible for these complications is still unknown, it is believed that the
direct viral tissue damage and the entry receptor for SARS-CoV-2, angiotensin-converting
enzyme 2 (ACE2), which is largely expressed in several cells of the body, play a role in the
long COVID presentation [12].

During the first wave of the COVID-19 pandemic in Brazil, the Federal University of
Goiás implemented a multidisciplinary project named “COVID-19 Tent” to screen health-
care and safety workers. This was later extended to monitoring healthy individuals who
had recovered from COVID-19 to identify the short-term and long-term disease sequelae.

This study aimed to identify the short- and long-term symptoms of COVID-19 among
people who experienced acute mild or non-symptomatic SARS-CoV-2 infection during the
first wave of the pandemic in Goiás, central Brazil.

2. Materials and Methods

Healthcare and safety workers who reported one or more COVID-19 symptoms were
screened in the “COVID-19 Tent”. Between July and August 2020, 408 workers tested
positive for SARS-CoV-2. These individuals were invited to participate in this prospective
cohort study, and 147 (36%) agreed to do so.

After obtaining informed consent, participants were interviewed about their socio-
demographic characteristics; they were asked to indicate the presence or absence of short-
term symptoms of COVID-19 by providing “yes” or “no” responses to a predefined symp-
tom checklist that included the following: fever, fatigue, myalgia, arthralgia, headache,
anosmia, ageusia, chest pain, respiratory discomfort, palpitations, cough, coryza, nasal con-
gestion, sore throat, diarrhea, nausea, vomiting, abdominal pain, and conjunctivitis. They
were free to report any additional symptoms that were not on the list and the medications
they took for treatment. The post-COVID condition usually starts approximately 1 month
after the onset of COVID-19 with symptoms, can persist for a year or longer, and cannot be
explained by an alternative diagnosis [13].

Detection of SARS-CoV-2 infection was performed using probes from the 2019-nCoV
kit (Integrated DNA Technologies, San Diego, CA, USA), which detects the sN1 and
sN2 regions of SARS-CoV-2 as well as the RP encoding the human RNase P protein,
according to the protocol by the CDC. After duplicate testing, samples were reported
as inconclusive if they presented amplification of only one viral target (N1 or N2) or
amplification of two viral targets after cycle 37 of reverse transcription quantitative real-
time PCR (RT-qPCR) amplification.

2.1. Statistical Analysis

Data were analyzed using Stata version 13.0 (StataCorp., College Station, TX, USA).
Distributions of frequencies (proportion, mean, std deviation, median, and interquartile
range) were calculated. The Student’s t-test and chi-squared test or Fisher’s exact test were
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used to determine the statistical significance of comparisons between continuous variables
and categorical variables, respectively. Statistical significance was set at p < 0.05.

2.2. Ethical Statement

This study was conducted in accordance with the Declaration of Helsinki and was
approved by the Institutional Ethics Committee for Human Research of the Clinical Hospital
of the Federal University of Goiás (protocol number: 31542620.7.0000.5078). Written
informed consent was obtained from all participants.

3. Results

The mean age of the participants was 38.4 years. The majority were female (63.9%),
32.7% were white, 53.1% were of mixed race, and 74.8% were employed as healthcare
workers. The most frequently reported chronic diseases were hypertension (38.8%), asthma/
bronchitis (23.1%), chronic cardiac disease (9.5%), diabetes mellitus (4.1%), and chronic
gastrointestinal disease (1.4%) (Table 1).

Table 1. Characteristics of 147 healthcare and safety workers diagnosed with coronavirus disease
2019 (COVID-19) in central Brazil.

Characteristic Value %

Age, mean years (SD) 38.4 (10.2)
Sex

Female 94 63.9
Male 53 36.1
Race

White 48 32.7
Mixed 78 53.1
Black 17 11.6
Asian 4 2.6

Occupation
Healthcare worker 110 74.8

Safety worker 18 12.3
Others 19 12.9

Comorbidities
Hypertension 57 38.8

Asthma/bronchitis 34 23.1
Chronic cardiac disease 14 9.5
Chronic renal disease 8 5.4

Diabetes mellitus 6 4.1
Chronic gastrointestinal disease 2 1.4

Chronic liver disease 1 0.7
Human immunodeficiency virus infection 1 0.7

Medicines used
Azithromycin 64 43.5

Ivermectin 57 38.8
Hydroxychloroquine 16 10.9

Analgesics, antipyretics, and vitamins 75 51.0
Other medicine 58 39.5

Duration of follow-up, median (IQR), days 290 (57–372)
Duration of SARS-CoV-2 RNA positivity, median (IQR), days 14 (9–32)

COVID-19: coronavirus disease 2019; IQR: interquartile range; SARS-CoV-2: severe acute respiratory syndrome
coronavirus 2; SD: standard deviation; Others: administrative support occupations.

At diagnosis, the participants reported the following symptoms (Table 2): headache
(76.9%), cough (70.7%), coryza (63.9%), sore throat (62.6%), myalgia (61.9%), nasal con-
gestion (59.2%), fatigue (51.7%), fever (55.1%), ageusia (46.3%), anosmia (43.5%), diarrhea
(40.1%), respiratory discomfort (26.5%), and nausea (26.5%). Only five participants reported
that they had no COVID-19 symptoms.
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Table 2. Self-reported initial symptoms of coronavirus disease 2019 (COVID-19).

Characteristic N %

Headache 113 76.9
Cough 104 70.7
Coryza 94 63.9

Sore throat 92 62.6
Myalgia 91 61.9

Nasal congestion 87 59.2
Fatigue 76 51.7
Fever 81 55.1

Ageusia 68 46.3
Anosmia 64 43.5
Diarrhea 59 40.1

Respiratory
discomfort/dyspnea 39 26.5

Nausea 39 26.5
COVID-19: coronavirus disease 2019.

The most commonly used medicines for managing the acute symptoms of COVID-19
were azithromycin (43.5%), ivermectin (38.8%), and hydroxychloroquine (10.9%). The
participants were followed for a median of 290 days (IQR: 57–372 days). The median
interval between the onset of symptoms and a positive RT-PCR test was 4 days (IQR:
3–5 days). None of the participants were hospitalized with COVID-19.

At the 1-month follow-up (median: 27 days, IQR: 24–30 days), 128 participants were
evaluated, of whom 26.6%, 19.5%, and 24.2% reported three or more symptoms, two
symptoms, and one symptom, respectively (Figure 1). These symptoms included headache
(28%), myalgia (24.2%), nasal congestion (21.1%), cough (21.9%), coryza (18.8%), anosmia
(16.4%), ageusia (14.8%), sore throat (12.5%), fatigue (10.9%), diarrhea (7.8%), dyspnea
(3.1%), and nausea (2.3%) (Figure 2).

At the 3-month follow-up (median: 94 days, IQR 88–101 days), 108 participants were
evaluated, of whom 11.1%, 14.8%, and 22.2% reported three or more symptoms, two
symptoms, and one symptom, respectively. These symptoms included headache (21.3%),
coryza (10.2%), nasal congestion (13%), myalgia (13%), anosmia (8.4%), fatigue (6.5%),
ageusia (6.5%), cough (5.6%), sore throat (4.6%), and memory loss (3.7%).

Figure 1. Number of symptoms during the follow-up. Licensed under CC BY 4.0. To view a copy of
this license, visit http://creativecommons.org/licenses/by/4.0/ (accessed on 7 November 2022).

http://creativecommons.org/licenses/by/4.0/
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Figure 2. Persistence of self-reported symptoms of COVID-19 according to the time since onset of
COVID-19. COVID-19; coronavirus disease 2019.

At the 6-month follow-up (median: 183 days; IQR, 151–194 days), 91 participants
were evaluated, of whom 14.3%, 14.3%, and 19.8% reported three or more symptoms, two
symptoms, and one symptom, respectively. These symptoms included headache (22.3%),
myalgia (16.5%), nasal congestion (13.2%), cough (12.8%), coryza (12.1%), fatigue (11.7%),
sore throat (9.9%), memory loss (6.6%), anosmia (7.7%), hair loss (6.6%), and ageusia (4.3%).

At the 9-month follow-up (median: 276 days, IQR: 268–288 days), 90 participants
were evaluated, of whom 34.4%, 24.4%, and 14.4% reported three or more symptoms, two,
and one symptom. These symptoms included headache (31.1%), coryza (31.1%), hair loss
(26.7%), memory loss (26.7%), nasal congestion (22.2%), myalgia (18.9%), cough (15.6%),
fatigue (13.3%), sore throat (12.2%), anosmia (7.8%), and ageusia (4.4%).

At the 12-month follow-up (median: 375 days, IQR: 364–390 days), 69 participants
were evaluated, of whom 20.3%, 26.1%, and 34.8% reported three or more symptoms, two,
and one symptom, respectively. These symptoms included coryza (36.2%), nasal congestion
(29%), hair loss (20.9%), sore throat (17.4%), headache (14.5%), myalgia (14.5%), cough
(14.5%), memory loss (13%), anosmia (8.7%), fatigue (7.2%), and ageusia (1.4%).

Of all the symptoms, only reports of fatigue were proportionally less frequent at
1 month after onset between individuals followed up for 12 months (4.3%) compared to
those who were not (18.6%) (p < 0.05). Furthermore, there were no significant differences
regarding sex and occupation between individuals followed up at 12 months and those
followed up at 1 month after symptom onset.

There were no reports of a SARS-CoV-2 reinfection during the 12 months of follow-up.
After COVID-19 vaccines became available to healthcare workers in Brazil, 95 participants
who were still enrolled in the study reported receiving the Oxford/Covishield Vaccine
(Fiocruz and AstraZeneca), CoronaVac vaccine (Butantan), Janssen vaccine (Janssem-Cilag),
or Comirnaty vaccine (Pfizer–Wyeth).

4. Discussion

To our knowledge, the present study is the first to identify the persistence of mild
symptoms for at least 12 months after the diagnosis of COVID-19 among healthy individu-
als with mild or asymptomatic disease in Brazil.
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The short-term symptoms in our cohort were similar to those reported by Rodriguez-
Morales et al. [14] in a systematic review of symptoms reported during the first wave of
the pandemic. Although SARS-CoV-2 variants have emerged throughout the pandemic,
the associated COVID-19 symptoms have been similar, differing only in frequency and
intensity [15].

A few previous studies [16,17] have reported female sex, the presence of more than
five initial symptoms, and being a healthcare professional as risk factors for long-term
COVID-19. Notably, our cohort mainly comprised females and healthcare professionals;
furthermore, 81% of the patients had at least five initial symptoms.

In our cohort, most symptoms reported at the onset of COVID-19 were still present at
the one-month follow-up. This finding is consistent with the findings of a systematic review
by Lopez-Leon et al. [18], which identified more than 50 long-term COVID-19 symptoms
15–110 days after SARS-CoV-2 infection, of which the majority of these were similar to the
symptoms experienced during the acute phase of COVID-19.

Headache, myalgia, and respiratory symptoms were the most frequently reported
initial symptoms at diagnosis and the most frequently reported persistent symptoms among
those who were followed up for at least 12 months. These long-term symptoms have been
reported mainly among individuals hospitalized due to COVID-19 [19,20].

In Madrid, a study was performed on 615 patients who were hospitalized due to
COVID-19. It revealed that after a mean period of 7.3 months after discharge, 40.8%
and 42.5% of the patients reported one or two symptoms and three or more post-COVID
symptoms, respectively, of which headache, fatigue, and respiratory symptoms were the
most common symptoms reported [21]. Similarly, in an Italian study, 143 patients were
assessed at a mean of 2 months after the onset of COVID-19 symptoms, of whom 32% and
55% reported one or two symptoms, and three or more symptoms, respectively. Fatigue,
dyspnea, and joint pain were the most frequently reported symptoms [22].

Some hypothesized mechanisms in post-acute COVID-19 pathophysiology include au-
toimmunity [23], inflammatory and metabolic changes in the parenchyma and supporting
structures during the initial infection, and sequelae mediated by hospitalization interven-
tions [19]. Our findings confirm that long-term COVID-19 symptoms are not dependent on
the severity of the acute disease.

Immune-mediated tissue damage in COVID-19 involves both cellular and humoral re-
sponses, but the mechanisms underlying immunity to SARS-CoV-2 and protection against
reinfection or final viral clearance are unknown. In addition, the reason some patients
experience long-term symptoms after COVID-19, whereas others do not, is unclear. Some
host factors that influence the outcome of viral infection may play a role, for example,
genetic susceptibility, age, infecting dose, route of infection, induction of anti-inflammatory
cells and proteins, presence of comorbidities, and cross-reactive immunity due to pre-
vious exposure to related viruses. It is still unknown whether SARS-CoV-2 can cause
substantial tissue damage leading to a chronic form of the disease, similar to the chronic
lesions observed during convalescent stages of infections by other viruses (such as human
immunodeficiency virus, hepatitis C virus, hepatitis B virus, and some herpesviruses).

Studies point to the pre-existing conditions as potentiators of long-term COVID-19.
The reactivation of the Epstein–Barr virus and the human immunodeficiency virus (HIV)
were associated with fatigue symptoms and neurocognitive changes, in addition to symp-
toms of post-traumatic stress and functional impairment. The immune system and organ
tissue damage may contribute to long-term COVID-19 [24–26].

The results of the present study are consistent with current scientific knowledge of
other coronaviruses, including those causing severe acute respiratory syndrome (SARS) and
Middle East respiratory syndrome, both of which share clinical characteristics (including
post-acute phase symptoms) with COVID-19. Studies on survivors of SARS have shown
that lung abnormalities months after infection may induce an atypical mast cell response
and increased interleukin-6 and angiotensin-converting enzyme 2 levels in the nervous
system, resulting in headaches [27–29].
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The respiratory system is the primary target of SARS-CoV-2, which influences the
breakdown of endothelial and epithelial barriers, allowing monocytes and neutrophils to
invade the alveolar space [30]. Thereafter, SARS-CoV-2 reaches the olfactory bulb, regions
of the cortex, midbrain, and basal ganglia, leading to respiratory problems such as nasal
congestion and coryza [31].

It is noteworthy that some patients reported memory and hair loss some months after
their COVID-19 diagnosis. Hair loss in COVID-19 may be associated with the action of
proinflammatory cytokines, such as interleukin 1β, interleukin 6, tumor necrosis factor
α, and interferon-γ [32]. This hair loss could be attributed to telogen effluvium, which
is a condition characterized by diffuse hair loss following an important systemic stressor
or an infection. It is caused by premature follicular transitions from the active growth
phase (anagen) to the resting phase (telogen). It is a self-limiting condition that lasts for
approximately three months and can cause significant emotional distress.

Memory loss from COVID-19 is thought to be a consequence of the structural and
metabolic neurological alterations caused by the infection [17]. The following brain changes
may be related to memory loss: global decrease in the gray matter volume; decreased gray
matter volumes in the left Rolandic operculum, right cingulate, both hippocampi, and left
Heschl’s gyrus; and decreased cerebral blood flow [33].

Most participants in our study consumed antiparasitic drugs and/or antibiotics for
COVID-19. During the period in which cohort members were recruited, many doctors
in Brazil prescribed these medicines for acute COVID-19, despite the lack of evidence
of effectiveness [34]. In addition, the Brazilian president encouraged the use of these
medications for the “early” treatment of COVID-19 [35]. However, subsequent studies have
not found any evidence of the effectiveness of these drugs for COVID-19 treatment [36].
Further, studies even indicate the existence of life-threatening side effects in the gastric,
neurological, and mainly the cardiac system due to the alteration in the QT segment in
cardiac waves [37,38].

The limitations of our study include the loss of participants to follow-up over time
because they dropped out of the study despite attempts made to keep them in the cohort.
Therefore, survival bias cannot be excluded, and the proportion of symptoms should
be considered with caution. However, it is noteworthy that at 1 month after onset, the
proportion of all but one symptom (fatigue) was similar between individuals who followed
up for 12 months compared to those who were not. In addition, although the self-reported
symptoms were consistent with those documented in the literature, there may have been
a few inaccuracies. Despite these limitations, our study provides the first account of the
long-term symptoms of COVID-19 in central Brazil over a period of 12 months.

5. Conclusions

This study revealed that three or more symptoms of COVID-19 can persist for up to a
year in healthy people with mild COVID-19. Upper tract respiratory symptoms were the
most common. Further studies are required to investigate the sequelae of COVID-19 over
periods greater than 12 months.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph20021483/s1.

Author Contributions: Conceptualization, S.A.T. and M.A.d.S.C.; formal analysis, S.A.T. and
G.R.d.C.e.S.; funding acquisition, S.A.T.; investigation, G.R.d.C.e.S., W.É.A.M., K.C.d.S., D.O.G.
and G.N.B.; methodology, S.A.T., M.A.d.S.C. and K.A.A.C.; project administration, K.A.A.C.; re-
sources, G.R.d.C.e.S., R.A.G., C.F.W.R., G.S.B. and V.R.M.C.L.; supervision, S.A.T. and K.A.A.C.;
visualization, G.R.d.C.e.S., W.É.A.M., G.N.B., D.O.G., K.A.A.C. and S.A.T. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Brazilian National Council for Scientific and Technological
Development, grant number: #402970/2021-7 and protocol number: 31542620.7.0000.5078.

https://www.mdpi.com/article/10.3390/ijerph20021483/s1
https://www.mdpi.com/article/10.3390/ijerph20021483/s1


Int. J. Environ. Res. Public Health 2023, 20, 1483 8 of 9

Institutional Review Board Statement: All subjects gave their informed consent for inclusion before
they participated in the study. The study was conducted in accordance with the Declaration of
Helsinki and approved by the Institutional Ethics Committee for Human Research of the Clinical
Hospital of the Federal University of Goiás (protocol number: 31542620.7.0000.5078).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Database is available as a Supplementary File.

Acknowledgments: We thank the study participants for their perseverance, the executing team for
their commitment, and the funding agency for providing the means to carry out this work. We would
like to thank Elza Uchoa for preparing the figures.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript;
or in the decision to publish the results.

References
1. World Health Organization. WHO Coronavirus (COVID-19). Available online: https://covid19.who.int/ (accessed on

2 June 2022).
2. Esakandari, H.; Nabi-Afjadi, M.; Fakkari-Afjadi, J.; Farahmandian, N.; Miresmaeili, S.M.; Bahreini, E. A comprehensive review of

COVID-19 characteristics. Biol. Proced. Online 2020, 22, 19. [CrossRef] [PubMed]
3. Ochani, R.; Asad, A.; Yasmin, F.; Shaikh, S.; Khalid, H.; Batra, S.; Sohail, M.R.; Mahmood, S.F.; Ochani, R.; Arshad, M.H.;

et al. COVID-19 pandemic: From origins to outcomes. A comprehensive review of viral pathogenesis, clinical manifestations,
diagnostic evaluation, and management. Infez. Med. 2021, 29, 20–36.

4. To, K.K.-W.; Sridhar, S.; Chiu, K.H.-Y.; Hung, D.L.-L.; Li, X.; Hung, I.F.-N.; Tam, A.R.; Chung, T.W.-H.; Chan, J.F.-W.; Zhang, A.J.-X.;
et al. Lessons learned 1 year after SARS-CoV-2 emergence leading to COVID-19 pandemic. Emerg. Microbes Infect. 2021, 10,
507–535. [CrossRef]

5. Machhi, J.; Herskovitz, J.; Senan, A.M.; Dutta, D.; Nath, B.; Oleynikov, M.D.; Blomberg, W.R.; Meigs, D.D.; Hasan, M.; Patel, M.;
et al. The natural history, pathobiology, and clinical manifestations of SARS-CoV-2 infections. J. Neuroimmune Pharm. 2020, 15,
359–386. [CrossRef]

6. Van Kessel, S.A.M.; Olde Hartman, T.C.; Lucassen, P.L.B.J.; van Jaarsveld, C.H.M. Post-acute and long-COVID-19 symptoms in
patients with mild diseases: A systematic review. Fam. Pract. 2022, 39, 159–167. [CrossRef]

7. Gavriatopoulou, M.; Korompoki, E.; Fotiou, D.; Ntanasis-Stathopoulos, I.; Psaltopoulou, T.; Kastritis, E.; Terpos, E.;
Dimopoulos, M.A. Organ-specific manifestations of COVID-19 infection. Clin. Exp. Med. 2020, 20, 493–506. [CrossRef]

8. Asselah, T.; Durantel, D.; Pasmant, E.; Lau, G.; Schinazi, R.F. COVID-19: Discovery, diagnostics and drug development. J. Hepatol.
2021, 74, 168–184. [CrossRef]

9. Ahn, D.-G.; Shin, H.-J.; Kim, M.-H.; Lee, S.; Kim, H.-S.; Myoung, J.; Kim, B.-T.; Kim, S.-J. Current status of epidemiology, diagnosis,
therapeutics, and vaccines for novel coronavirus disease 2019 (COVID-19). J. Microbiol. Biotechnol. 2020, 30, 313–324. [CrossRef]

10. Munblit, D.; Bobkova, P.; Spiridonova, E.; Shikhaleva, A.; Gamirova, A.; Blyuss, O.; Nekliudov, N.; Bugaeva, P.; Andreeva, M.;
DunnGalvin, A.; et al. Incidence and risk factors for persistent symptoms in adults previously hospitalized for COVID-19. Clin.
Exp. Allergy 2021, 51, 1107–1120. [CrossRef]

11. Centers for Disease Control and Prevention. COVID-19–Long COVID. Centers for Disease Control and Prevention. Updated
1 September 2022. Available online: https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html (accessed on
28 November 2022).

12. Desai, A.D.; Lavelle, M.; Boursiquot, B.C.; Wan, E.Y. Long-term complications of COVID-19. Am. J. Physiol. Cell Physiol. 2022, 322,
1–11. [CrossRef]

13. Mayo Foundation for Medical Education and Research. COVID-19: Long-Term Effects. Available online: https://www.mayoclinic.
org/diseases-conditions/coronavirus/in-depth/coronavirus-long-term-effects/art-20490351/ (accessed on 9 November 2022).

14. Rodriguez-Morales, A.J.; Cardona-Ospina, J.A.; Gutiérrez-Ocampo, E.; Villamizar-Peña, R.; Houlguin-Rivera, Y.; Escalera-
Antezana, J.P.; Alvarado-Arnez, L.E.; Bonilda-Aldana, D.K.; Franco-Paredes, C.; Henao-Martinez, A.F.; et al. Clinical, laboratory
and imaging features of COVID-19: A systematic review and meta-analysis. Travel Med. Infect. Dis. 2020, 34, 101623. [CrossRef]
[PubMed]

15. Meo, S.A.; Meo, A.S.; Al-Jassir, F.F.; Klonoff, D.C. Omicron SARS-CoV-2 new variant: Global prevalence and biological and
clinical characteristics. Eur. Rev. Med. Pharm. Sci. 2021, 25, 8012–8018. [CrossRef]

16. Crook, H.; Raza, S.; Nowell, J.; Young, M.; Edison, P. Long covid-mechanisms, risk factors, and management. BMJ 2021, 374, 1648.
[CrossRef]

17. Yong, S.J. Long COVID or post-COVID-19 syndrome: Putative pathophysiology, risk factors, and treatments. Infect. Dis. 2021, 53,
737–754. [CrossRef]

18. Lopez-Leon, S.; Wegman-Ostrosky, T.; Perelman, C.; Sepulveda, R.; Rebolledo, P.A.; Cuapio, A.; Villapol, S. More than 50 long-term
effects of COVID-19: A systematic review and meta-analysis. Sci. Rep. 2021, 11, 16144. [CrossRef] [PubMed]

https://covid19.who.int/
http://doi.org/10.1186/s12575-020-00128-2
http://www.ncbi.nlm.nih.gov/pubmed/32774178
http://doi.org/10.1080/22221751.2021.1898291
http://doi.org/10.1007/s11481-020-09944-5
http://doi.org/10.1093/fampra/cmab076
http://doi.org/10.1007/s10238-020-00648-x
http://doi.org/10.1016/j.jhep.2020.09.031
http://doi.org/10.4014/jmb.2003.03011
http://doi.org/10.1111/cea.13997
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html
http://doi.org/10.1152/ajpcell.00375.2021
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/coronavirus-long-term-effects/art-20490351/
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/coronavirus-long-term-effects/art-20490351/
http://doi.org/10.1016/j.tmaid.2020.101623
http://www.ncbi.nlm.nih.gov/pubmed/32179124
http://doi.org/10.26355/eurrev_202112_27652
http://doi.org/10.1136/bmj.n1648
http://doi.org/10.1080/23744235.2021.1924397
http://doi.org/10.1038/s41598-021-95565-8
http://www.ncbi.nlm.nih.gov/pubmed/34373540


Int. J. Environ. Res. Public Health 2023, 20, 1483 9 of 9

19. Joshee, S.; Vatti, N.; Chang, C. Long-term effects of COVID-19. Mayo Clin. Proc. 2022, 97, 579–599. [CrossRef]
20. Bonifácio, L.P.; Csizmar, V.N.F.; Barbosa-Júnior, F.; Pereira, A.P.S.; Koenigkam-Santos, M.; Wada, D.T.; Gaspar, G.; Carvalho, F.S.;

Bollela, V.R.; Santana, R.C.; et al. Long-term symptoms among COVID-19 survivors in prospective cohort study, Brazil. Emerg.
Infect. Dis. 2022, 28, 730–733. [CrossRef] [PubMed]

21. Fernández-De-Las-Peñas, C.; Gómez-Mayordomo, V.; Cuadrado, M.L.; Palacios-Ceña, D.; Florencio, L.L.; Guerrero, A.L.;
García-Azorín, D.; Hernández-Barrera, V.; Arendt-Nielsen, L. The presence of headache at onset in SARS-CoV-2 infection is
associated with long-term post-COVID headache and fatigue: A case-control study. Cephalalgia 2021, 41, 1332–1341. [CrossRef]

22. Carfì, A.; Bernabei, R.; Landi, F. Persistent symptoms in patients after acute COVID-19. JAMA 2020, 324, 603–605. [CrossRef]
23. Cañas, C.A. The triggering of post-COVID-19 autoimmunity phenomena could be associated with both transient immunosup-

pression and an inappropriate form of immune reconstitution in susceptible individuals. Med. Hypotheses 2020, 145, 110345.
[CrossRef]

24. Peluso, M.J.; Deveau, T.M.; Munter, S.E.; Ryder, D.; Buck, A.; Lu, S.; Goldberg, S.A.; Hoh, R.; Tai, V.; Torres, L.; et al. Impact
of pre-existing chronic viral infection and reactivation on the development of long COVID. MedRxiv 2022, e163669. [CrossRef]
[PubMed]

25. Bellan, M.; Soddu, D.; Balbo, P.E.; Baricich, A.; Zeppegno, P.; Avanzi, G.C.; Baldon, G.; Bartolomei, G.; Battaglia, M.; Battistini, S.;
et al. Respiratory and Psychophysical sequelae among patients with COVID-19 four months after hospital discharge. JAMA 2021,
4, e2036142. [CrossRef] [PubMed]

26. Raveendran, A.V.; Jayadevan, R.; Sashidharan, S. Long Covid: An overview. Diab. Met. Syndr. Clin. Res. Rev. 2021, 15, 869–875.
[CrossRef] [PubMed]

27. Afrin, L.B.; Weinstock, L.B.; Molderings, G.J. COVID-19 hyperinflammation and post-COVID-19 illness may be rooted in mast
cell activation syndrome. Int. J. Infect. Dis. 2020, 100, 327–332. [CrossRef]

28. Coomes, E.A.; Haghbayan, H. Interleukin-6 in COVID-19: A systematic review and meta-analysis. Rev. Med. Virol. 2020, 30, 1–9.
[CrossRef]

29. Sharifkashani, S.; Bafrani, M.A.; Khaboushan, A.S.; Pirzadeh, M.; Kheirandish, A.; Yavarpour_Bali, H.; Hessami, A.;
Saghazadeh, A.; Rezaei, N. Angiotensin-converting enzyme 2 (ACE2) receptor and SARS-CoV-2: Potential therapeutic targeting.
Eur. J. Pharm. 2020, 884, 173455. [CrossRef]

30. Nalbandian, A.; Sehgal, K.; Gupta, A.; Madhavan, M.V.; McGroder, C.; Stevens, J.S.; Cook, J.R.; Nordvig, A.S.; Shalev, D.;
Sehrawat, T.S.; et al. Post-acute COVID-19 syndrome. Nat. Med. 2021, 27, 601–615. [CrossRef]

31. Meinhardt, J.; Radke, J.; Dittmayer, C.; Franz, J.; Thomas, C.; Mothes, R.; Laue, M.; Schneider, J.; Brünink, S.; Greuel, S.; et al.
Olfactory transmucosal SARS-CoV-2 invasion as a port of central nervous system entry in individuals with COVID-19. Nat.
Neurosci. 2021, 24, 168–175. [CrossRef]

32. Nguyen, B.; Tosti, A. Alopecia in patients with COVID-19: A systematic review and meta-analysis. JAAD Int. 2022, 7, 67–77.
[CrossRef]

33. Lu, Y.; Li, X.; Geng, D.; Mei, N.; Wu, P.-Y.; Huang, C.-C.; Jia, T.; Zhao, Y.; Wang, D.; Xiao, A.; et al. Cerebral micro-structural
changes in COVID-19 patients–an MRI-based 3-month follow-up study. EClinicalMedicine 2020, 25, 100484. [CrossRef]

34. Siemieniuk, R.A.; Bartoszko, J.J.; Ge, L.; Zeraatkar, D.; Izcovich, A.; Kum, E.; Pardo-Hernandez, H.; Qasim, A.; Martinez, J.P.D.;
Rochwerg, B.; et al. Drug treatments for covid-19: Living systematic review and network meta-analysis. BMJ 2020, 370, 2980.
[CrossRef] [PubMed]

35. Boschiero, M.N.; Palamim, C.V.C.; Ortega, M.M.; Mauch, R.M.; Marson, F.A.L. One year of coronavirus disease 2019 (COVID-19)
in Brazil: A political and social overview. Ann. Glob. Health 2021, 87, 1–27. [CrossRef]

36. Tanni, S.E.; Bacha, H.A.; Naime, A.; Bernardo, W.M. Use of hydroxychloroquine to prevent SARS-CoV-2 infection and treat mild
COVID-19: A systematic review and meta-analysis. J. Bras. Pneumol. 2021, 47, e20210236. [CrossRef] [PubMed]

37. Younis, N.K.; Zareef, R.O.; Hassan, S.N.A.; Bitar, F.; Eid, A.H.; Arabi, M. Hidroxychloroquine in COVID-19 patients: Pros and
cons. Front. Pharm. 2020, 11, 1–16. [CrossRef] [PubMed]

38. Ho, T.-C.; Wang, Y.-H.; Chen, Y.-L.; Tsai, W.-C.; Lee, C.-H.; Chuang, K.-P.; Chen, Y.-M.; Yuan, C.-H.; Ho, S.-Y.; Yang, M.-H.; et al.
Chloroquine and Hydroxycholoroquine: Efficacy in the treatment of the COVID-19. Pathogens 2021, 10, 217. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.mayocp.2021.12.017
http://doi.org/10.3201/eid2803.212020
http://www.ncbi.nlm.nih.gov/pubmed/35133956
http://doi.org/10.1177/03331024211020404
http://doi.org/10.1001/jama.2020.12603
http://doi.org/10.1016/j.mehy.2020.110345
http://doi.org/10.1172/JCI163669
http://www.ncbi.nlm.nih.gov/pubmed/36454631
http://doi.org/10.1001/jamanetworkopen.2020.36142
http://www.ncbi.nlm.nih.gov/pubmed/33502487
http://doi.org/10.1016/j.dsx.2021.04.007
http://www.ncbi.nlm.nih.gov/pubmed/33892403
http://doi.org/10.1016/j.ijid.2020.09.016
http://doi.org/10.1002/rmv.2141
http://doi.org/10.1016/j.ejphar.2020.173455
http://doi.org/10.1038/s41591-021-01283-z
http://doi.org/10.1038/s41593-020-00758-5
http://doi.org/10.1016/j.jdin.2022.02.006
http://doi.org/10.1016/j.eclinm.2020.100484
http://doi.org/10.1136/bmj.m2980
http://www.ncbi.nlm.nih.gov/pubmed/32732190
http://doi.org/10.5334/aogh.3182
http://doi.org/10.36416/1806-3756/e20210236
http://www.ncbi.nlm.nih.gov/pubmed/34669839
http://doi.org/10.3389/fphar.2020.597985
http://www.ncbi.nlm.nih.gov/pubmed/33364965
http://doi.org/10.3390/pathogens10020217

	Introduction 
	Materials and Methods 
	Statistical Analysis 
	Ethical Statement 

	Results 
	Discussion 
	Conclusions 
	References

